An approximate expression for the variation with L of the equatorial pitch angle of a particle undergoing adiabatic convection in a dipole magnetic field is obtained. The additional assumptions of no particle 10ss and the other usual conservation laws then are invoked to describe the variation of such bulk parameters as pressure and density for any assumed initial distribution function. Explicit solutions are obtained for initial distributions separable in energy and pitch angle with sin • ao dependence on pitch angle and are shown to be weakly dependent on k. The expressions obtained are compared with the results predicted for the case of strong pitch angle diffusion to obtain bounds on the variation. The approximation for the L dependence of the equatorial pitch angle is also used to show how pitch angle anisotropy is modified during inward convection, and the rapid development of anisotropy for sharply falling initial spectra is noted.
INTRODUCTION
It is now generally accepted that the radiation belts of the earth and in particular the particles forming the earth's ring current are injected into the dipolar regions of the magnetosphere by a quasi-steady hydromagnetic flow driven by the solar wind. As the plasma is convected inward, the bulk parameters such as density and pressure and the pitch angle distributions vary. The purpose of this paper is to point out some approximate analytic relationships that can be used in calculating such quantities in an approximately dipolar field.
Two limiting models of the phenomena governing the pitch angle distribution can be used to describe the hydromagnetic flow of a hot collisionless plasma. One may assume that electromagnetic noise is present in the plasma and is providing strong pitch angle scattering, so that the distribution remains effectively isotropic throughout the flow, or alternatively, one may assume that no pitch angle scattering occurs, in which case the evolution of pitch angle distributions is governed entirely by the conservation of the two adiabatic invariants 3t and J.
• = W•./B J: SPll ds where W• is particle perpendicular energy, B is field strength, and p• is particle parallel momentum, and the integral is taken over the particle adiabatic bounce orbit.
In the case of strong pitch angle diffusion the variation of number density n and pressure. p with L is straightforward. Since the pitch angle distribution remains isotropic, number density and pressure are constant along a field line, and the number density variation with dipole L parameter is simply derived from the fact that in the absence of significant loss the magnetospheric flux tube total population is constant. This implies that in a dipole field, n is related to its value at some These relationships hold only if loss plays no dominant role in the flow. The strong diffusion particle lifetime is a strong function of L, and one would hence expect loss processes to produce a sharp cutoff in pressure and number density at some point [Kennel, 1969] . In the second limiting case of adiabatic flow the situation is more complicated, and in this paper we will concentrate on the computation of number density and pressure variation in the equatorial plane.
Our results are valid for convective or diffusive processes in which the electric field drift velocity is small in comparison with the particle thermal velocity and the background field is approximately dipolar, subject to the following constraints. We neglect loss and also assume that all particles at some L shell Lo eventually move to L. The latter assumption does not hold throughout all convection systems. As Chen [1970] We can then find an expression for n/no, where n is the number density at L and no is the number density at Lo, assuming that all particles at Lo can reach L by adiabatic This is a feature of some importance to wave-particle interaction studies in the magnetosphere. Although in particle interactions with waves one is largely concerned with the pitch angle anisotropy in the part of the distribution that is resonant with the wave rather than with the anisotropy at fixed energy, if a reasonable part of the distribution obeys a power law, quite large anisotropies may develop in short distances under adiabatic motion. Conversely, at energies where the initial spectrum in energy is flat, far less extreme anisotropies can develop. This role of the energy spectrum in determining anisotropy evolution was noted by Cornwall [1974] . It is straightforwardly understood from the Liouville theorem, which requires that the distribution function be constant along the phase space trajectory of a particle. Because the acceleration experienced by a particle as it convects in depends on both energy and pitch angle, particles with the same L and W but different pitch angles will have had different energies in the source distribution at L0. Equation (2) The results on pitch angle distribution show the remarkable control that the energy spectrum can exert on the evolution of distributions with inward motion. In parts of the distribution where the energy spectrum falls off steeply, large anisotropies may develop in quite small inward motion. Likewise, particles that come from a part of the spectrum that falls off slowly with increasing energy will exhibit slow changes in anisotropy. Over the distribution as a whole, P•/Pll o: (Lo/L)•/•.. This feature suggests that the magnetospheric plasma convection may well lead to the generation of instabilities due to resonant waveparticle interaction in the high-energy tail of the distribution. However, hydromagnetic instabilities like the mirror instability are less likely to occur, since such an instability requires a large anisotropy over the entire distribution. Such a conclusion cannot be definitive, however, as such instabilities require plasma pressures of the order of the magnetic pressure. Our treatment is not self-consistent in such a case, since throughout we assume that the ambient magnetic field is that of a dipole.
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